in Budapest have frequently exceeded recommended health limits. 18 Industrial activity occurs throughout the city. Each year on 15 October, centrally operated heating systems begin to provide heat to large portions of the city. Many residents also use indoor heating systems fuelled by gas and electricity, and a few use coal or wood.
Asthma is considered an important health problem in Hungary, which has ranked highly among industrialized nations in the incidence of deaths due to asthma or bronchitis. 19 The problem seems to be getting worse: the reported prevalence of childhood asthma in Hungary has increased during the past several years (personal communication: Peter Rudnai, MD, Head, Department of Community Hygiene, Hungarian National Institute of Hygiene).
We conducted this study to determine whether increased ambient air concentrations of total suspended particulates (TSP) and SO 2 during the heating season were associated with decreased lung peak expiratory flow rates (PEFR) among a group of children with asthma in Budapest, Hungary. The 12-week study period included time periods before and after the 15 October onset of the heating season. We hypothesized that exposure to increased concentrations of either TSP or SO 2 during each of the previous 4 days or during the past week would be associated with a significant decrease in the chidren's daily PEFR. We also hypothesized that these pollutants had a combined effect over the past 4 days in decreasing the children's daily PEFR.
MATERIALS AND METHODS

Study Participants
Budapest has about 2.1 million residents and 22 administrative districts. Each administrative district within the city has maintained a respiratory disease registry. Asthmatic children were identified from the registry of District V, which was selected on the basis of convenience, and from the records of the three largest paediatric pulmonary treatment facilities in the city. In 1993, the Institute of Public Health and Medical Officer Service of Budapest mailed letters to the parents of all 296 children, then 9-14 years of age, who were identified as having asthma. The letters invited parents and children to attend an introductory meeting if the children met the following enrolment criteria: (1) had asthma diagnosed by a physician; (2) experienced asthma symptoms during the past year; (3) were born between 1979 and 1983; and (4) lived in Budapest.
Of the 296 sets of parents, 101 (34.1%) responded that their children met the eligibility criteria and were willing to participate in the study. Of those, 81 (80.2%) attended one of three introductory meetings, and 66 (65.3%) of those truely met the enrolment criteria. Subsequently, three (4.5%) of the families withdrew, and three other children were excluded from the study. One child was excluded because he did not have asthma symptoms during the previous year. The second was excluded because his family heated with coal and wood, which possibly caused large indoor TSP and SO 2 exposures. The third child was excluded because he completed less than 75% of the daily PEFR diary. All of the remaining 60 children completed over 75% of their diaries; the majority completed over 90%.
The children's physicians classified each child as having either mild, moderate, or severe disease, according to criteria from the US National Heart, Lung and Blood Institute. 20 Children were categorized as exposed to environmental tobacco smoke if either parent smoked.
Completion of Questionnaires and Diaries
During the introductory meeting, parents or adult guardians completed a signed informed consent form and a questionnaire that described the child's demographic characteristics, medical history, activity patterns, and home environment. At this meeting, children also were individually taught to measure their PEFR and were observed doing so. Each child also received a package of diaries with verbal and written instructions on its completion.
Each day from 13 September to 5 December 1993, the children recorded their respiratory symptoms, the number of hours they spent away from Budapest, and the results of three PEFR measurements each in the morning upon rising and in the evening before bedtime. They measured their PEFR with a Mini-Wright peak flow meter while standing and prior to taking any medication. They were instructed to leave blank any diary entries that were missed or forgotten.
At the end of each week, that week's diary was mailed to the city health department and reviewed by study personnel. Participants were contacted by phone at least twice during the study and more often if any irregularities were noted.
Measurements of Air Pollutants
Ambient air concentrations of TSP and SO 2 were measured by eight continuous air sampling monitors, model number MLU FH261N manufactured by Rupprecht & Patashnick Co., Inc. The TSP concentrations were analysed by beta reactive absorption methods with a FAG FH 62 IN Dust Monitor. The SO 2 concentrations were measured by ultra-violet radiation excitation and fluorescence. The monitors were located in the more polluted areas of the city, and each monitor also recorded temperature and humidity on a continuous basis.
Budapest has a varied topography, with hills to the west of the Danube River and mostly flat land to the east. To estimate daily ambient air TSP and SO 2 exposure, we used 24-hour average measurements from the air monitor nearest the home of each child. On days during which individual monitors did not work, we considered pollutant concentrations to be unknown for children matched to those monitors.
Statistical Analyses
We used SAS for all statistical analyses. 21 Because of the diurnal pattern of PEFR, [22] [23] [24] morning and evening measurements were analysed separately. For both the morning and evening measurements, we used the largest of the three recorded measurements. To eliminate a learning effect, we excluded the first 2 days of PEFR data. We also excluded PEFR data on days a child spent у4 hours away from Budapest because air monitoring data was available only from monitors in Budapest; the 4-hour cut-off was arbitrarily chosen.
We conducted the analysis on both a group level and an individual level. The group analysis was primarily descriptive. For the individual analysis, we used each child's mean PEFR during the study as a reference from which to calculate that child's daily per cent deviations from their mean PEFR value. For each day, we averaged these individual daily per cent deviations for all study participants to obtain a group daily mean per cent deviation in PEFR. We then used t-tests to compare differences between the average daily per cent deviations in PEFR for the fall versus winter seasons. We used analysis of variance to compare differences between the average daily per cent deviations in PEFR based on pollutant quintals.
For the multivariate analysis, we used the SAS procedure PROC MIXED on the individual-level data to account for the variability in the data both within and between the children. To take advantage of the longitudinal nature of the study design, we considered each child to be his or her own referent. For the morning PEFR, we excluded the current day's pollutant concentrations since most of that day's exposure had not occurred when the PEFR measurement was performed. We used a fixed-effects model to obtain summary estimates by a weighted average of the individual coefficients. Weights were the inverses of the standard errors of each individual's estimate. Intercepts for each child were allowed to differ. We explored a random effects model, but the random effect was not statistically significant.
All models included the variable 'date' to control for a linear change in the seasons from fall to winter, lung growth of the children, and the increase in PEFR during the study period. Models also controlled for the confounding effects of weekday versus weekend, temperature, and humidity. We hypothesized that humidity and temperature had a non-linear effect and categorized these variables into quartiles. Each quartile represented an approximate 25-unit increase in either per cent humidity or °Centigrade. Because the Durbin-Watson test revealed serial autocorrelation in the PEFR, we used a first-order autoregressive model for the residuals. 25 We also assessed the influence of a 'cold' on PEFR, but found it to be insignificant and excluded it from our model.
RESULTS
Among the 60 children, about one-third were classified as having moderate to severe asthma, and most of this third took medication for asthma (Table 1 ). Exposure to environmental tobacco smoke at home was fairly common, but reportedly none of the children smoked tobacco. Nearly all of the parents or their children stated that the children's symptoms varied with the season of the year, and most of these stated that fall was one of the seasons during which symptoms were worst. More than half stated that exacerbations were caused by air pollution. Among the 17 girls aged 9-14, 12 (70.6%) reported that menstruation exacerbated their asthma.
The children's mean PEFR ranged widely from 125 to 627 l/min. Both the morning and evening PEFR daily mean deviations for the group increased during the study period. The study group's mean PEFR deviation before 15 October was lower (-1.66% for the morning PEFR, -1.73% for the evening PEFR) than their mean deviation after October 15 (+0.97% for the morning, +1.01% for the evening); these differences were statistically significant (P Ͻ 0.05). During the study period, daily average TSP concentrations exceeded the World Health Orgarnization (WHO) health effects limit of 120 µg/m 3 at least once at six of the eight air monitors ( Table 2 ). The number of days exceeding the limit at each monitor ranged from 3 to 13. The WHO tentative health effects limit for SO 2 of 125 µg/m 3 was also exceeded at least once at six monitors (range 1-3 days). The SO 2 concentration increased at each monitor following 15 October, the start of the heating season. Figure 1 shows this trend for the monitor in District XI. Of the 60 children, 39 (65.0%) resided near this air monitor.
Overall, the children reported being outside and thus exposed to ambient air pollutants a median of 3 hours (range 1-9 hours) during weekdays and 5 hours (range 2-9 hours) during weekends. All but one of the children attended school in the same district in which they resided. Among the 39 children who resided near the monitor in District XI, morning and evening PEFR daily mean deviations somewhat mirrored the pollutant concentrations ( Figure 1 ). Their daily mean deviations during the 16 days in the lowest quintile of TSP concentrations were similar to deviations measured during the 14 days in the highest quintile of TSP concentrations. However, daily mean PEFR deviations were significantly larger during days in the highest quintile of SO 2 concentrations than during days in the lowest quintile (P Ͻ 0.05).
Because the increase in PEFR during the study period was likely influenced by temperature, humidity, and the time trend, we used a multivariate analysis to control for such effects. Twenty-two models assessed the effect that individual pollutants had on PEFR, and about one-half of these models demonstrated a negative relationship (Table 3 ). Only the model for the evening PEFR and the current day's SO 2 concentration reached statistical significance, and it showed an improvement in PEFR with increased SO 2 concentrations. The combined effect of the pollutants was also assessed in 18 models (Table 4) . No significant associations were demonstrated between pollutants and morning PEFR. However, increased concentrations of SO 2 the previous day were significantly associated with a decreased evening PEFR: for each 10 µg/m 3 increase in the previous day's SO 2 concentration, the evening PEFR decreased an average of 0.78 l/min. However, increased concentrations of SO 2 the current day were associated with a significant increase in the evening PEFR (Table 4) . Air pollutants had a variable influence upon the PEFR of individual children. Figure 2 shows the distribution of the regression coefficients for the individual children for four models. In each case, the individual coefficients varied and ranged from a positive to a negative association.
We repeated the analysis separately for children with severe as well as mild/moderate asthma; the 39 children who lived near the District XI monitor; and the time 
FIGURE 2 Histogram of the distribution of child-specific total suspended particulates (TSP) and sulphur dioxide (SO 2 ) regression coefficients for four models, Budapest, Hungary
period before and after the heating season (15 October 1993) . Results for these analyses were similar to the results that have been presented for the entire group of children for the entire study period.
DISCUSSION
From 13 September to 5 December 1993, TSP and SO 2 concentrations in Budapest exceeded WHO health effects limits on several days, and SO 2 concentrations increased. Most of the days with the largest SO 2 concentrations occurred after the heating season began on 15 October. The children's PEFR were higher after 15 October. On days with the largest SO 2 concentrations, the children's PEFR were significantly higher than on days with the smallest SO 2 concentrations. However, after controlling for the effects of the time trends, temperature, humidity, and weekend versus weekday, we observed no consistent association between PEFR and levels of SO 2 and TSP in the ambient air.
In this study, we first assessed the individual effects of SO 2 and TSP concentrations on PEFR. The only significant finding was an increase in the evening PEFR as that day's SO 2 concentration increased. We then assessed the combined effects of the pollutants and found increased SO 2 concentrations were significantly associated with both an increase and decrease in evening PEFR. One would expect that an increase in pollutant concentrations would be associated with a decrease in PEFR. During the analysis of this data we made 40 comparisons and found three statistically significant results. Our results should thus be interpreted cautiously because at a significance level of P = 0.05, one of every 20 comparisons could reach statistical significance purely by chance.
Asthma's seasonal variation has also been documented by other researchers. 3, [6] [7] [8] [26] [27] [28] To control for such seasonal variation, we used a linear time trend variable. However, non-linear changes in seasonal confounders, such as viral respiratory disease outbreaks or sudden decreases in house dust mite concentrations (once a dryness threshold in the home was reached), 29 would have been incompletely modelled. Thus, incomplete control of confounding by seasonal factors may have biased the results.
This study had several limitations. We lacked accurate information on children's use of bronchodilators or other medications during the study period. Because most of the children reported taking some asthma medication, the use of these medications may have masked an association between pollutant levels and PEFR, particularly among severe asthmatics. The amount of medication used could have been a useful outcome indicator. However, this information was not reliably and consistently recorded by the study participants.
In this study, it is possible we overestimated the children's TSP and SO 2 exposures because we used the concentrations measured at the air monitor nearest the children's residences. In Budapest, air monitors were selectively located in the most polluted areas. Furthermore, children spent about 21 hours a day indoors during fall weekdays, and air pollutant levels were possibly lower indoors than outdoors; ill children with decreased PEFR may have spent even more hours indoors. Thus, although WHO health effects levels for TSP and SO 2 were exceeded at the monitors, most children were probably exposed to pollutant concentrations that were considerably lower. Unfortunatley, we lacked information to describe the number of hours a day that the children spent outdoors.
The strengths of this study included its longitudinal design, which allowed for the prospective assessment of air pollution's effects on the PEFR of individual children with asthma. 30 The study design also allowed each child to serve as their own reference. Thus, the results are probably valid even though the children enrolled in the study were self-selected and were probably not representative of all asthmatic children in Budapest. The design also permitted us to evaluate the daily variability in PEFR in conjunction with the daily variability in TSP and SO 2 pollutant concentrations. Children also remained in their normal environments during the study. Furthermore, serial PEFR measurements are considered sensitive markers of airway obstruction, and asthmatic children have been shown to accurately measure their PEFR. [22] [23] [24] 26, 31 At least four other researchers have used panel studies to investigate the relationship between PEFR and particulate matter (PM) or SO 2 air pollution. [32] [33] [34] [35] Three studies were conducted in the US and one in the Netherlands. Enrolment criteria varied among these studies, with one each including adults with asthma; children with and without respiratory diseases; children and adults with respiratory diseases; and children with chronic respiratory symptoms. In these studies, particulate matter and SO 2 concentrations were low and comparable with those in Budapest. Three of the four authors found negative relationships between SO 2 concentration and PEFR and two found negative associations between PEFR and concentrations of particulate matter 10 microns or smaller in diameter. Thus, other researchers have found negative associations between these pollutants and PEFR among people who probably had milder forms of respiratory disease, overall, than the children in Budapest.
We did not find a consistent association between air pollutant exposure in Budapest and PEFR among asthmatic children. Given the large prevalence of asthma in this city, further research is needed to better clarify the impact of air pollution in Budapest on children's health. Researchers conducting future studies of asthmatic children could benefit from our experiences. Studies should give attention to controlling seasonal influences (perhaps by restricting the study period to one season), obtaining good information on medication use, and developing estimates of individual exposure, possibly using personal air sampling devices or stationary sampling devices in participants' bedrooms.
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